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Chapter 8
Snowmelt—Accounting for Changes in
Snow and Snow Cover

8-1.  Overview

This chapter describes the requirements needed and
techniques used to track the state of the snowpack in a
basin once the accumulation of snow has ended and
ablation has begun.  It follows logically in sequence
after Chapter 7, which has covered the internal
changes in the snowpack, primarily in winter in rain-
on-snow situations or early spring and how they affect
snowmelt.  This discussion is oriented primarily to
spring-summer snowmelt in the large interior basins of
the western United States, where snowmelt is a 2- to
3-month-long process.  The following is a summary of
the changes that take place in the snowpack and its
watershed during snowmelt for spring-summer:

• The snowpack, now internally isothermal and
at 0 (C, yields meltwater to the soil surface as
heat energy is applied at its surface and ground.

• The snow surface albedo continues to decline
as surface snow crystals become rounded.  This
allows greater amounts of shortwave radiation
to be absorbed as heat energy. 

• As snow melts, first at lower elevations, the
snowline begins to climb to higher elevations.
This shifts the melting level in the basin to
higher and higher elevations as the season
progresses.

• As the snowpack recedes, the snow-covered
area of the basin decreases, while the snow-free
area increases.  The soil moisture in the snow-
free area decreases, thereby leaving the basin
with two distinctly different runoff
characteristics.

• Any precipitation falling during the melt season
will encounter a variety of potential situations:
it will fall as fresh snow at higher elevations, as
rain-on-snow at lower elevations, and as rain on
bare ground (with reduced soil moisture) at low
elevations. 

• As the melt season progresses to its later stages,
the active melt zone may shift from a forest-
covered area to one that is free from forest
cover, above the timberline.  This results in
new energy sources dominating the snowmelt
process.  

a.  The problem for forecasting and analysis is not
only to account for the above phenomena if they are
important in a particular application but also to
accurately as possible assess the residual SWE or
volume of runoff anticipated.  An initial volume of
SWE is determined at the beginning of the snowmelt
period, as discussed in Chapter 4.  As the melt season
progresses, calculated melt is subtracted from the
initial values to yield a residual, and any additional
precipitation is added.  Any error in the initial estimate
is carried into the residual; as the residual decreases,
the error becomes more and more significant.  This
calls for the ability to update the residual snow-runoff
estimate carried in the model by checking with
observations in the basin.  

b.  In rain-on-snow situations, the meteorological
conditions are such that most of the phenomena
described above have little relevance.  Here, the
freezing level is continually shifting with the passage
of storms, and the watershed’s soil moisture may be
saturated by rainfall, whether on snow or not.  A
snow-covered area may change in a matter of hours,
rather than weeks, during a significant storm.  The
magnitude of the snowpack volume may be relatively
small compared with the rainfall runoff involved.
Solar radiation is often of little consequence.  Despite
the differences, however, modeling in this environ-
ment still requires the accounting of the snowpack
during melt.  Often, short-cuts and subjective methods
are employed in operational applications.  

8-2.  Simplified Methods, Lumped Models

a.  Simple estimates.  The simplest approach in
dealing with changes in the snowpack during melt is
to assume that the changes are insignificant.  This may
be a reasonable assumption for rain on snow.  If, for
instance, the rainstorm is relatively short and the
snowpack large, there may literally not be any change
in the snowpack’s areal extent during the storm.
Chapter 10 discusses this further in conjunction with
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Figure 8-1.   Example of snow cover depletion curve

design flood analysis.  For river forecasting during rain (1) While the snow cover depletion curve yields
on snow, manual updates, based upon real-time an accounting of the snow cover, this method still
observations, will help determine the status of the needs to independently estimate expected total basin
snowpack.  A further check in forecasting is to see SWE.  The typical approach is to use multiple-
how well the model is tracking observed streamflow.  regression procedures as described in Chapter 9 to

b.  Snow cover depletion curve.  An approach that (actually, expected total basin seasonal runoff).  The
has been used in lumped models for spring-summer accounting of currently remaining SWE during the
melt settings is to employ a snow cover depletion melting of the snowpack is simply a process of
curve that describes the basin’s snow-covered area as subtraction.  Adjustments in expected residual runoff
a function of accumulated snow runoff.  Used in and snow-covered area are periodically made during
conjunction with an area-elevation curve, the snowline the snowmelt season using satellite data and fixed-
elevation for the basin can also be determined.  An wing reconnaissance flights and by verifying model
example of a generalized depletion curve as used in performance by comparing observed and computed
the SSARR model is shown on Figure 8-1.  The streamflow.  This methodology is used in the Snow-
“theoretical depletion curve” is derived using melt Runoff Model (SRM) (Chapter 11).
historical field and remote-sensing records together
with runoff data.  Studies have shown that this (2) A consideration with this type of approach is
generalized relationship is relatively uniform for a how to compute runoff from the snow-free portion of
basin. Observed conditions of snow cover and runoff, the basin during spring or summer rain.  One option
however, may yield a point that is not on the that has been successful in the Columbia basin is to
theoretical curve.  In this case a proportionally simply assume that summer rain falling over the snow-
adjusted curve is followed, as shown in Figure 8-1.  free area is negligible, since soil moisture is relatively

determine an initial estimate of the total SWE
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low and rainfall quantities are not normally great.  An transitions as a band becomes depleted of snow.  An
alternative to this is to split the basin into a snow- indicator flag shows when this has happened.  
covered and a snow-free zone.  The snow-covered area
is continuously defined with a snow cover depletion b.  Grid-cell-based models.  As with the snow-
curve, and the snow-free component is computed as a band approach, a horizontally defined grid system can
complement to that area.  With this technique, runoff also account for changes in the snowpack, provided
from the snow-free portion is independently computed the grid is fine enough.  The same problems crop up as
and added to the snow-covered runoff.  Both of these in the elevation band definition if homogeneous
options are available in the SSARR program under the conditions are assumed and abrupt transitions occur.  
lumped basin options.  

(3) The snow cover depletion curve method is
suitable for some design flood derivations in summer
snowmelt settings since the depletion curve is based
upon historical conditions, and initial SWE can be
determined by independent analysis of historical
records. This approach may not be valid, however, if
the design condition includes a heavy spring rainstorm
in addition to snowmelt.  

8-3.  Detailed Methods, Distributed Models are summarized below.  This subject is discussed in

With all of the changes in the watershed and in a
snowpack taking place during snowmelt, simplified
approaches are limited in their ability to address many
of these changes.  A distributed model is required to
begin accounting for changes in any detail.  

a.  Snow-band formulation.  This method of
defining a basin model, described in Chapter 4, can be
employed with reasonable success to account for
changes in the snowpack. The accounting of snow
quantity, cover, and quality is done zone by zone.
There is no reason why this cannot account for all the
physical changes that occur during snowmelt.  An
important consideration, however, is whether each
zone is assumed to be either 100-percent snow-
covered or snow-free.  If so, the basin may require a
large number of zones to be adequately represented.
Even with a large number of zones, the snowline can
abruptly change as a zone transitions from being
snow-covered to snow-free, causing unrealistic results
in simulated flow.  Because of this, a model may allow
simulation of a gradual transition in snow cover within
a zone.  Figure 8-2 is a portion of summary printout
from an SSARR model simulation, showing the
changes in snow cover on eight bands of elevation.  In
this model, snow conditions are strictly homogeneous
on each band, but a limiting function prevents abrupt

8-4.  Snow Observations During Snowmelt
Forecasting

Regardless of the simulation technique used during
snowmelt, an essential operational practice for runoff
and streamflow forecasting is to make use of field
observations to verify the model’s state variables.
This can range from simple subjective checks, based
upon a limited amount of data, to complex systematic
procedures.  Three methods of employing field data

more detail in EM 1110-2-9038.  

a.  Areal snowcover.  This is a parameter that is
fairly easily obtained, either from satellite imagery or
by special aerial reconnaissance flights.  Rango and
Itten (1976) have effectively employed satellite
observations in accounting for snow during snowmelt.
The National Weather Service’s Remote Sensing
Center in Minneapolis has an ongoing program of
providing processed snow-cover data to cooperating
agencies during the spring-summer snowmelt period
in the western States.

(1) An older approach still used by some USACE
offices is flying fixed-wing aircraft into the basin at or
near the snowline elevation and reporting the status of
the snowline at fixed reference points.  These data are
converted to snow cover using an area-elevation curve.
Snow-flight data are now used where satellite data are
not yet satisfactory, or to simply to augment the
remotely sensed data.  

(2) Both the satellite observations and aerial
reconnaissance can be obscured by a cloud cover.
With satellite passes being at fixed intervals, it is
possible to miss having snow cover information for an
extended period.  Partial cloud cover can be
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Figure 8-2.   Example of elevation band output during snowmelt

accommodated to a large degree in satellite observa- whether it be the lumped or distributed models
tions through the skillful use of image processing.  In described above.  A significant difference would
both types of observations, a heavy forest cover can suggest a change in the model, particularly if it is
also obscure the snowline.  Again, this can be at least confirmed by other indicators described below.  
partially accounted for by experienced observers and
skilled use of processing techniques. b.  Snow-water equivalent.  A second field

(3) When an observation of snow cover is from snow courses or snow pillows.  If automated
obtained, it is compared with the model’s current reporting is available, such as through the SCS
calculation of snow cover or snowline elevation, SNOTEL network, these data are readily available for

indicator used to verify forecast models is SWE data
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Figure 8-3.   Example of correlation—snow band SWE versus snow pillow SWE

operational use.  When used in conjunction with a measurements.  These values are used to update
distributed model, they can help to determine the model-simulated SWE via Kalman filtering (Day,
current SWE state being computed by an element in Schaake, and Ellis 1989; Day 1990).
the model.  These measurements can also be used to
help estimate the snowline in a basin.  An example of c.  Streamflow.  The final means of checking a
a simple approach in using SWE data is shown in forecast model’s computation of snowmelt is to
Figure 8-3.  Here, historical SWE readings for a compare computed discharge against streamflow
specific date have been correlated with computed- observations.  Although not necessarily a sensitive
model SWE for a given elevation band in the basin. indicator in the early stages of snowmelt runoff, this
The model data are taken from simulation runs made comparison becomes very important in confirming
for the basin.  Several bands were checked against the residual SWE volumes carried by the model in late-
observed data to see which had the best correlation season melt.  This check is viable for both the lumped
and which would be most useful in adjusting the and distributed models described above.  Two
model.  Once the model is in the forecast mode, the different measures of performance are possible:  How
real-time data are compared against this correlation.  If well does the model compute recently observed
outliers are found, the model should probably be streamflow?  How reasonable are the streamflow
adjusted. The National Weather Service has developed volumes generated by the model when run through the
a sophisticated technique using a geographical normal recession period?  The latter check involves
information system and optimal interpolation (kriging) comparing with historical statistics or plots for the
in which mean areal SWE is calculated from snow period being sampled.


